Triclosan is a synthetic antimicrobial agent used in numerous industrial and personal care products. Triclosan collected in wastewater treatment plants (WWTPs) can be biodegraded up to 80%. However, little is studied about the abundances of known triclosan-degrading bacteria in activated sludge systems. A previous study reported that Sphingopyxis strain KCY1 isolated from activate sludge can cometabolically degrade triclosan. Recently, a quantitative PCR (qPCR) assay specific to strain KCY1 has been developed. Thus, this study investigated the abundance of strain KCY1 in three different activated sludge wastewater treatments using a qPCR assay. Additionally, ammonia-oxidizing bacteria (AOB), known as triclosan-degraders, and amoA gene were quantified. Strain KCY1 were detected in activated sludge samples from three different wastewater treatment plants. The concentrations of strain KCY1 and AOB were on the order of 105-106 gene copies/mL, while amoA gene concentration was on the order of 104 gene copies/mL.
Triclosan, a broad-spectrum antimicrobial agent, has been used in numerous industrial and 2 personal care products [1, 2] . Triclosan is relatively non-volatile and inadequately soluble in 3 water (solubility: 10 mg/L at 20 o C). Detection of triclosan in the aquatic environment has raised 4 eco-and human health concern, due to the promotion of antibiotic-resistant microorganisms, its 5 androgenicity as an endocrine disruptor, and the formation of potential toxic by-products [3] [4] [5] [6] [7] . 6
Triclosan can be removed in a wastewater treatment plant (WWTP) with removal rates of 96%, 7 71%, and 32%, for activated sludge plant, for trickling filter plants and for primary treatment 8 plants, respectively [8] . While a large portion of triclosan could be removed by biological 9 treatment process in WWTPs, the remaining triclosan is continuously discharged into receiving 10 water bodies; triclosan is removed via 79% biodegradation, 15% absorption to biosolids in 11
WWTPs, and then 6% of triclosan release into the receiving surface water [9] . The rivers and 12 creeks receiving a large quantity of triclosan-laden effluent may cause potential adverse effects 13 to eco-and human health.
Therefore, understanding of triclosan biodegradation by 14 microorganisms during wastewater treatment processes is important to reduce triclosan release in 15 to the environment. 16
Several studies have reported triclosan biodegradation by microorganisms [10] [11] [12] [13] [14] [15] . In 17 activated sludge systems, ammonia-oxidizing bacteria (AOB) [13] and Sphingopyxis strain 18 KCY1 [10] could play role in degrading triclosan. AOB can express ammonia monooxygenase 19 (AMO) to oxidize ammonia to nitrite, which is the first step of nitrification process in nitrifying 20 activated sludge (NAS). Roh et al. [13] suggested that AMO is responsible for triclosan 21 degradation. Strain KCY1, isolated from activated sludge, has cometabolic degradative ability 22 toward triclosan. Lee et al. [10] suggested that dioxygenase in strain KCY1 was involved in 23 triclosan degradation. 24
Recently, a quantitative PCR (qPCR) assay specific to strain KCY1 was developed 25 (unpublished work). Thus, this study investigated the abundance of strain KCY1 in different 26 activated sludge systems using qPCR. In addition, the abundance of AOB and amoA gene 27 (Table 1) . 35
Additionally, NAS samples were collected in Nov. 2011 and May 2012 from WWTP #1. These 36 three WWTPs use different process configurations and operating conditions for BOD removal 37 and nitrification ( Table 1) . WWTP #1 and WWTP #2 use single-stage activated sludge system. 38
The WWTP#1 treats 9.5 million gallons per day (MGD) and is operated at a solid retention time 39 (SRT) of 7-8 days to achieve 97-98% BOD removal and 95% ammonia removal. The WWTP#2 40 processes 75 MGD at a SRT of 10-12 days to achieve 97-99% BOD removal and 99% ammonia 41 removal. The WWTP #3 uses two-stage activated sludge system to treat 200 MGD. By 42 operating at a SRT of 2-20 days, the WWTP#3 can remove 91-99% of BOD and 84-99% of 43 ammonia. 44 3 
DNA Extraction 48
The genomic DNAs of activated sludge samples from the WWTPs were extracted using the 49
FastDNA kits (MP Biomedicals, Solon, OH) as described previously [16] , and then used as 50 template to quantify total microbial population, strain KCY1, AOB, and amoA gene. The 51 extracted DNA concentrations were measured using a Hoefer DQ 300 Fluorometer (Hoefer Inc., 52 San Francisco, CA). 53 54
Quantitative PCR Assays 55
The abundances of total bacteria, strain KCY1, AOB, and amoA gene in activated sludge 56 samples were determined using qPCR with the genomic DNAs obtained from the activated 57 sludge samples as templates. The primers (1055f and 1392r) and a probe (16S Taq1115f) were 58 used for the quantification of total bacterial 16S rRNA gene [17] . A set of forward and reverse 59 primers (KCY1-F/KCY1-R) and a Taqman probe (KCY1-Taq) for the 16S rRNA gene of strain 60 KCY1 was used (unpublished work). The primers (CTO189fA/B and CTO189Fc) and a probe 61 (TMP1) were used for the quantification of AOB [17, 18] . The Primers (amoA 1f and amoA 1r) 62 and SYBR Green I were used for the quantification of amoA genes [19] [20] [21] . The PCR mixture 63 4 (25 µL of total volume) contained 600 nM forward and reverse primers, 500 nM of probe, 12.5 64 µL of Taq Mastermix (or SYBR Green I for amoA gene), and 2-50 ng of DNA template. The 65 PCR amplification reactions were performed using a Bio-Rad iQ5 Multicolor Quantitative PCR 66
Detection System (Bio-Rad Laboratories, Inc., Hercules, CA). A standard curve for total 67 bacterial 16S rRNA gene (ranging from 2.3×10 1 to 2.3×10 8 gene copies) were constructed using 68 plasmid #931 with Nitrospira partial 16S rRNA gene (GenBank accession number AF420301) 69 [16] . A standard curve for the AOB 16S rRNA gene (ranging from 1.0×10 1 to 1.0×10 9 gene 70 copies) were constructed by using plasmid #931 with Nitrosomonas europaea 16S rRNA 71 (GenBank accession number AB070938). A standard curve for the strain KCY1 gene (ranging 72 from 1.0×10 1 to 1.0×10 7 16S rRNA gene copies) was constructed using a plasmid # 931 73 containing the partial 16S rRNA gene of strain KCY1. The details of primers, probes, and PCR 74 amplification protocol were described in Table 2 . Primers and probes for quantitative-PCR 75 assays were purchased from Sigma-Aldrich (St. Louis, MO). Quanti-Tect probe PCR supermix 76 and SYBR Green I were purchased from Qiagen (Valencia,CA). 77 
Results and Discussion

83
The quantity of total bacteria, strain KCY1, AOB and amoA gene in activated sludge samples 84 collected from three WWTPs was determined using qPCR assays. The summary of the 85 abundances are shown in Table 3 . While the abundance of total bacteria was on the order of 10 9 86 16S rRNA gene copies/mL, the sample in November 2011 had the highest number of total 87 bacteria (8.2 × 10 9 gene copies/mL). Strain KCY1 was detected in all the activated sludge 88 samples on the order of 10 5 to 10 7 16S rRNA gene copies/mL. The proportion of the quantified 89 strain KCY1 16S rRNA genes with respect to total bacterial 16S rRNA genes varied from 0.03 to 90 0.7%. One or two orders of magnitude differences in the quantity of strain KCY1 were observed 91 in the WWTP #1 activated sludge samples, i.e., lower in November 2011 (2.2 × 10 5 gene 92 copies/mL) and higher, in May 2009 (1.2 × 10 7 gene copies/mL) and May 2012 (1.4 × 10 6 gene 93 copies/mL). Various factors, such as dissolved oxygen, solid retention time (SRT), nutrients, 94 temperature and the presence of inhibitory compounds in activated sludge could affect the 95 abundance of strain KCY1 in activated sludge. Thus, further study regarding variations in strain 96 KCY1 abundance is required. 97
In addition, the quantifications in this study performed based on single time points. Since 98 occurrence and concentrations of triclosan-degrading bacteria measured in this study may vary 99 depending on the time of sampling, additional research with expanded sampling is required to 100 further investigate the trends of the abundances of triclosan-degrading bacteria in activated 101 sludge system. 102 AOB were quantified on the order of 10 5 to 10 6 gene copies/mL in the activated sludge 103 samples. The proportion of the quantified AOB 16S rRNA genes with respect to total bacterial 104 16S rRNA genes varied from 0.007 to 0.08%, which is similar to the range of the proportion 7 (0.01-0.028%) in domestic wastewater treatment plants [22] . Populations of strain KCY1 and 106 AOB in the three activated sludge samples were comparable (on the order of 10 5 -10 6 gene 107 copies/mL), despite that those were collected from the WWTPs with different configurations and 108 operating conditions. The primers used in this study targets aerobic AOB affiliated with β-109 subdivision of the class Proteobacteria [18] . Since, as of now, all the aerobic AOB isolated from 110 non-marine ecosystems are member of βsubdivision of the class Proteobacteria [23] , this primer 111 set could estimate well the abundance of AOB in the bacterial mixed culture such as activated 112 sludge. However, as WWTPs operate with different ammonium concentrations in influent and 113 solid retention time (SRT), different microbial community of AOB in activated sludge could be 114 also established in activated sludge. As AOB are known as slow-growing microorganisms [24] , 115 their growth in activated sludge is favored at relatively longer SRT. Using pyrosequencing, 116 identification of dominant groups of AOB established by different operating conditions would be 117 interesting for future study. It is also needed to be aware of the overestimation of AOB 16S 118 rRNA gene copies, because multiple of identical 16S rRNA sequences can be found among 119 bacterial genomes (i.e., the number of AOB 16S rRNA gene copies doesn't indicate the number 120 of AOB). 121
The number of amoA gene copies (ranging between 1.5 -2.1 × 10 4 gene copies/mL) in 122 activated sludge samples was one to two orders of magnitude lower than the number of AOB 16 123 S rRNA gene copies. The proportion of the quantified amoA genes with respect to total bacterial 124 16S rRNA genes ranged from 0.0004 to 0.001%, which is lower than the range of the proportion 125 (0.0023-0.20%) in domestic wastewater treatment plants [22] . No correlation between AOB 16S 126 rRNA gene copy numbers and amoA gene copy numbers was observed. Like AOB, ammonia-127 oxidizing archaea (AOA) have amoA-like genes and could also contribute to the detection of 128 8 amoA gene in activated sludge. Although AOA can be present in activated sludge collected for 129 this study [25, 26] , several studies have reported the variation of the presence and concentrations 130 of AOA may vary depending on ammonium concentrations in wastewater [25] [26] [27] . Investigation 131 of the presence and concentrations of AOA would be required for future study. 132 
Conclusions
138
This study examines the abundances of strain KCY1 and AOB that are capable of triclosan 139 degradation in three different activated sludge using qPCR assays. Strain KCY1 and AOB were 140 detected on the order of 10 5 -10 6 gene copies/mL. The number of amoA gene was also observed 141 on the order of 10 4 gene copies/mL. The information about the abundances of triclosan-142 degrading microorganisms would be useful to better understand triclosan degradation by 143 biological treatment process in activated sludge systems. Based on the results of the abundances 144 of triclosan-degrading bacteria, establishing the conditions favorable for AOB and strain KCY1 145 activity or bioaugmenting with known triclosan-degrading microorganism or newly isolated 146 9 bacteria from activated sludge could also be possible strategies to enhance triclosan degradation 147 in WWTPs. 148
